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Transforming QRM for Faster
Commercialization

A Data-Driven Approach for
Process Design and Risk Assessment

Presenter: Sebastian Scheler, Managing Director, Innerspace



Traditional QRM is
(1) highly reliant on manual
activities and
(2) remains largely
unintegrated.
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ICH Q9 (R1) — Published Guideline Objectives
Regulatory Requirements for Quality Risk Management (QRM)

Q
YCIcH
There were four areas for improvement
INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAI H e . . i
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE identified with the appllcatlon of QRM

1. High levels of subjectivity in risk
assessments and in QRM outputs.

ULty RSk MAssGEmEnT 2. Failing to adequately manage supply
QI(R1) and product availability risks.
3. Lack of understanding as to what
constitutes formality in QRM work.

4. Lack of clarity on risk-based
decision-making (RBDM).

ICH Harmoniz: ed Guideline (2023). Guideline Objectives for ICH Q9(R1).
ICH - International council for harmonisation of technical
requirements for pharmaceuticals for human use.
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Traditional Risk Management vs. Frame-by-Frame
Comparison Chart: Initiate QRM Process

Approach Initiate QRM Process
Traditional Risk ° 0 BT e
Management Tools .-. Process Map
g (e.g., Gemba Walk)

Frame-by-Frame® Digital Process Twin
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The Process Knowledge Database
Foundation to create a Digital Process Twin

=r®—l+<:>+@

Object Action Hazard
Library Library Library

Process
Knowledge
Database
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composition, grade, durability,
biocompatibility

Primary Packaging Monitoring Material e Material Properties —e.g.

 Dimensions — e.g., size,
length, width, height

_ — « Geometry — e.g., shape, form,

Object- structural features
Library %’, m

 Weight — e.g., mass, load,
density

e Surface Characteristics —
e.g., finish, texture, coating
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Action-
Library

October
8th & 9th

Technical Specifications

Type of Action — e.g., grab, place, open,
close

Direction and Orientation — e.g., upward,
rotational, lateral movement

Force and Pressure — e.g., applied force,
torque, tension

Speed and Timing — e.g., duration,
velocity, sequence

Precision and Accuracy — e.g.,
alignment, positioning tolerance
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Frame-Nr. 0150

Description Insert right gloved

Frame-Nr. 1025

G~ Description Insert filling needle

in empty vial hand in isolator
glove

F-FL23-FN-VI-3 Frame-ID F-INS-GL-IL-32

1850 Frame-Nr. 2759

Check for proper Description  Place covered

filling needle in
filling needle holder

sterile connection

F-SC3-FN-VI-3 Frame-ID F-FL23-PL-VI-NH-1
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Remove vial jam
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Videorecorded Process Simulation

Q.0
e
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Approach Method Hazard ID Risk Analysis
Traditional Risk e o | Estimate-based | Expert Judgment- Expert Ju.d gmfent-
S%a Based Criticality
Management Tools a | | Approach Based Hazard ID A
ssessment
Frame-by-Frame U- Object-based Object-based Object-based
Technology = Approach Hazard ID Criticality Calculation
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The Process Knowledge Database
Foundation to create a Digital Process Twin

[~
D+ S+

Process Object Action Hazard
Knowledge Library Library Library
Database
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Scientific papers, Technical
Reports and SME Interviews

Regulatory Surveillance
and QA Oversight Data

Process Simulation Data
and Deviation Reports

Hazard Library

Comprehensive
repository of things that
can go wrong in
manufacturing
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FbF First Principle: Certain hazards only occur
within the context of specific process frames

Process
Frame Hazards
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Hazard scenario

Insufficient inspection of isolator gloves — front side (4)

Insufficient inspection of isolator gloves — back side (4) Hazard Screening

Statistics
Touching non-sterile surface while inspecting isolator gloves

Screened
Tweezer tip touched with isolator glove Hazard-

Scenarios: 450
Incorrectly grabbing sterile tweezer

Assigned

Overreaching open vials while grabbing sterile tweezer Hazard-

Scenarios: 9
Sterile tweezer touches non-sterile surface while transfer

Hold sterile tweezer not tip facing upwards

No visual inspection of sterile tweezer before usage




Sterility Assurance & Quality Risk October

Management Conference 8th & 9th

Approach Method Hazard ID
Traditional Risk ° 0 Estimate-based | Expert Judgment-
Management Tools | g™ | Approach Based Hazard ID
S . i
Frame-by-Frame w | Object-based Object-based
Technology = Approach Hazard ID
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Formula for Weighted Hazard Criticality (WHC)
WHC - WHsev % WHh'k

WH;ey WH!&'J;
N N

~ T

WHC = (Hyeo - RMye0) |- (Hy, - RMiz)
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Formula for Weighted Hazard Criticality (WHC)
WHO = WHsev * WHHk

WH,., WH
WHC =|(Hyey - RM o) | (Hyg - RMy)

Number of
Critical
Surfaces

Spatial
Proximity
to Product

Formula for unweighted hazard severity

H,., =s1 ¥ Number of critical sur faces+

s2 ¥ Product stertlization status+
383 % Product condition—
s4 * Spatial prozimity to product

Where: s1 =52=0.3;83 =54=0.2;81 +s2+s3+s4=1

Formula for Hazard Severity risk moderator

RM;e, =1+
Batch recoverability-+
Decontamination status+
Barrier system+
Gowning+
Interaction with critical sur face

Hsev—base =1- RMsev—mz‘n =0.5
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Formula for unweighted hazard likelihood

Formula for Weighted Hazard Criticality (WHC)
Hj;, =11 * Number of active objects+

WHC = WH,e, x WHy, [2 x Ergonomic freedom+
[3 «* Complexity

WH., WE!ik
WHC:rHse-v 'RMsevw'rH'i 'RM ) 1
( ) | (H i) Where l1:l2:l3:§;ll+l2+l3=1
i - b £
P RN Ergonomic freedom =-a * Degree of visibility+

I Distance to & . — ﬁ * Distance to object+
. R - v * Degree of tactility

Degree of Where 020.5;327: 025,a+ﬁ+7: 1
Visibility

Complexity = AV G(handling + weight + size)

Formula for hazard likelihood risk moderator

RM, =1+

Object

Co’:’,&exity Allowed movement speed+
FExecution pace +

Frame progress tracker
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Hazard scenario Criticality WHC*
Insufficient inspection of isolator gloves — front side (4) Minor 12.6
Insufficient inspection of isolator gloves — back side (4) Minor 13.9
Touching non-sterile surface while inspecting isolator gloves Minor 14.1
Tweezer tip touched with isolator glove Major 23.0
Incorrectly grabbing sterile tweezer Major 19.0
Overreaching open vials while grabbing sterile tweezer Major 17.2
Sterile tweezer touches non-sterile surface while transfer Major 17.2
Hold sterile tweezer not tip facing upwards Major 14.8

No visual inspection of sterile tweezer before usage Major 15.2
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Establishing reliable reference data
Frame-In-Frame-Out

> ~—
u — —
PF'?::;? PF'?::;? “Frame “Frame Frame. “Frame.
P — F 1T 0 A 1 — N RN «— F T~ — PN
®_| I_Ea_l — |_®_| |_®_| ®_| |_®_| - |_® |_® S 9.9 S 9
Obj Action Object Object Action Object Object Action Object Object jec

[

Every manufacturing process can be defined
as a sequence of Process Frames.

Action Object Object Action
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Uncovered needle Needle cover

Process Design
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Task 3 (3/6)
Remove needle protection

B Grasp bottom of needle protection
with forceps (needle 8)
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Risk detectability

decision

) ) ] ) ’ : : . Sterility assurance In-process Sterility :
o CQA Pre-installation [Post-installation| Equipment | Equipment | Instruction & Personnel Prevention s _ Detection |Controlled
Hazard Categoryl  Hazerd Specification affected Gl sterilization sterilization Design | Qualification | oversight Qualification Measures e po.stl VHP/pre- Sterility assuranc assurancfe.tests Measures risk
filling tests after filling
‘ . ‘ i Double- Check-in ) Aseptic
i%%i@glﬂtes d Contar;\tlggtpeeci gén;:ry bag St;lj‘rl"g 2518 | Autoclaving None bagging of visual ins?rcl)JZte q technique 6 None None None 1 4,20
components| inspection qualification
Ergonomic
‘ —_— layout to Regular ) Training on
Contaminated Contaminated stopper ledge Sterwl;ty 104,85 | Autoclaving VHP reduce | Maintenance| . 220 equipment failure| 7 None None None 1 14,98
components Purity Ve (RM) instructed S0Ps
touches
: ) : . Double- Check-in Aseptic
Contaminated | Contaminated primary bag Sterwlpty 2530 Autoclaving None bagging of visual . SOoP technique 6 None None None 1 4,22
components stopper transfer ledge Purity . ‘ instructed -
components| inspection qualification
) Regular Training on
Contaminated Contaminated stopper Sterility - . h SOP- . ;
components transfer ledge Purity 95,12 Autoclaving VHP None Maintenance e equipment failure| 6 None None None 1 15,85
(RM) SOPs
‘ . ‘ i Double- Check-in i Aseptic
C-::Oor;:inngma?tesd Contarzlpoaégceirplgg’llary b S}f&!w 1312 | Autoclaving None bagging of visual ins?r?JZted technique 6 None None None 1 2,19
components| inspection qualification
Ergonomic
‘ e layout to Regular ) Training on
Contaminated Contaminated stopper lock Sterwlyty 71,85 | Autoclaving VHP reduce | Maintenance| . SOP equipment failure| 7 None None None 1 10,26
components Purity ; instructed
unintended (RM) SOPs
touches
: . ‘ - Double- Check-in Aseptic
Contaminated | Contaminated primary bag Stenl}ty " | 2096 | Autoclaving None bagging of visual a 0 technique 6 None None None 1 3,49
components stopper track lanes 1-4 Purity ) ‘ instructed -
components| inspection qualification
) Regular Training on
Contaminated |Contaminated stoppertrack| Sterility - , . SOP- : T
components lanes 1-4 Purity 304,43 @ Autoclaving VHP None Maintenance instructed equipment failurg
(RM) SOPs
‘ ) ‘ - Double- Check-in Aseptic
Contaminated | Contaminated primary bag | Sterility - . ; ) SOP- :
components stopper track lanes 5-8 Purit 20.96 Autoclaving e bagging of . wsua‘l instructed tec_hmqge
components| inspection qualification
: ‘ e Regular i Training on
Contaminated | Contaminated stopper track S‘e”'“y 201,29 § Autoclaving VHP None Maintenance | . 2 equipment failur
components lanes 5-8 Purity (RM) instructed SOPs
‘ ) 1 Redundant Check-in Aseptic and
Contaminated Contaminated bonnet Sterwlpty 30,40 | Autoclaving None critical visual _SOP process-specific 6 None None None 1 5,07
components stopper hopper Purity ‘ L . instructed -
equipment_|inspection (V1) training
: —— Double- Regular ) Training on
%%r;;%rg%litesd Contamkw]r;z;tsgrstopper St;j!'g 107,22 | Autoclaving VHP bagging of | Maintenance ins?gjited equipment failure| 7 None None Contact plates 2 7,66
components (RM) SOPs
CfAantaminatad CAantaminataed hannat tarilitv o Redundant Check-in oND. Aseptic and
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Auto-generated Process Flow Chart
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PROCESS FLOW CHART

Subprocess 5: Installation filling Operator A: Push tubes int Repeat 7x task 7.2
needle tubes 3 & 4 ~ 6.3 b °rhl,;el:s,|d:,. esinto ~ 7.3

Remove needle protections 7 to 1

5 1 Repeat Task 2.1-4.4 ﬁ] Push tube 1 into cutout 1 of hose holder

Install filling needle tubes 3 & 4 d] Repeat for tubes 2-8 and cutouts 2-8 7 _l|. Operator A: Take out gloves

ﬁ:] Inspect tubes-hose holder assembly

[j Inspect integrity of left isolator glove
5 . 2 Operator A: Take out gloves

) Inspect integrity of right isolator glove
Subprocess 7: ering Needles Qj
Inspect integrity of left isolator glove

Take out gloved hands
from isolator gloves

Inspect integrity of right isolator glove

¢ 7 1 Operator A: Prepare removal of

Take out gloved hands needle protections

Filling Train DONE
from isolator gloves

d] Inspect needle installation
Subprocess 6: Installation fillin ]
needle tubes 5 to 8 g ¢ Take forceps with right hand
Operator A: Insert gloved
6_1 hands into isolator glove ports 7 2 Operator A: Remove needle
GP 2.05 and GP 2.06 -

protection from needle 8

Insert left gloved hand into GP 2.05 Grasp bottom of needle protection with

forceps

Inspect integrity of left isolator glove Partially pull down needle

protection with forceps

Insert right gloved hand into GP 2.06 ¢ Grasp middle of needle protection with

forceps

Inspect integrity of right isolator glove

giigglizaiis iy

Pull off needle protection with forceps

Collect needle protection in left hand
6 2 Repeat Task 2.1 to 4.4

Install filling needle tubes 5 to 8




Sterility Assurance & Quality Risk October

Management Conference 8th & 9th

Frame-by-Frame for Technical Documents
Hazard Flip for Autogenerated Documents

Opening packaging at the wrong position @ Opening packaging at the right position
(from the tip side not the plunger) (from the plunger side not the tip)

Not pushing down the plunger Push down the plunger

Hazard Flip applies a method of inverting defined hazard scenarios to derive
their safe procedural counterparts. This approach facilitates the automated
generation of procedural documentation.
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Hazard scenarios Frame Work Instruction
Grabbing the wrong needle protection « Needle protections must be removed going
L _ from left (needle 8) to right (needle 1)
Touching tip of forceps with hand . Keep left hand near glove port
: L » Approach needle 8 with forceps in right
Tip offorceps touching isolator @ 7.2 hand from right side under needle holder

» Grasp needle protection 8 with tip of
forceps
« Don’t grasp tip of filling needle

Touching tip of forceps with hand

Damaging tip of filling needle with forceps




PROCESS FLOW OF SUBPROCESSES DEFINITIONS AND ACRONYMS

API Active Pharmaceutical Ingredient

B 1B It
Mixer bag inspection Weighing, dispensing & charging of the API BB enzyl Benzoate

CS Cottonseed ol

Mixer bag Installation Addition of benzyl alcohol

Weighing and dispensing of benzyl alcohol QS Stage

Pumping solvent Cleaning of containment isolator PROCESS AREA OVERVIEW

n PCS Process Control System

Mixer Front-view Mixer Top-view

‘7 Lif ‘
MATERIALS AND EQUIPMENT

Pump

BB Tube BB Port  Extra Port %

Nitrogen outlst

[o ]
[cea]
Nitregen inlet
CS Tube n C8 Port
[ 1

Standard lid 2x Slot-lid ~ Customized lid

ACUBE bag
¢
- Stool
e | = @ AVAX
s 5

BB Drum CS Drum j Pinch clamp
Bottom outlet
O Sampling bag
& Sampling bag valve
PCS 4inch clamp Cross frame Tube guide in pump HIGHEST PROCESS RISKS

API Handling Risks: Throughout the process, various manipulations of the AP| are performed. The critical hazards
involve loss of APl raw material due to transfer issues, bag ruptures, or AVAX valve failures.




SUBPROCESS 1: MIXER BAG INSPECTION

1.1 OPERATOR A&B: DISINFECT WORKING AREA

FRAMES WORK INSTRUCTION

Operator A&B: Disinfect gloves

1 + Disinfect gloves
« Follow site regulations for appropriate disinfectant

Disinfect workbench

2 ¢ Disinfect workbench
* Follow site regulations for appropriate disinfectant
¢ Don’t T&O surface during disinfectant contact time

Disinfect secondary packaging

3 + Disinfect whole surfaces of secondary packaging
* Follow site regulations for appropriate disinfectant
e Don't T&O surface during disinfectant contact time

1.2 OPERATOR A: OPEN SECONDARY PACKAGING

FRAMES WORK INSTRUCTION

Inspect secondary packaging

1 * Inspect exterior packaging for potential damages including tears, holes,
structural integrity or discoloration
* Inspect both sides and corners

Take cutter

2 ¢ Take cutter from the handle
¢ Inspect blade for potential damage

Locate primary packaging

« Before cutting, find primary packaging border inside

Tighten Luer plug

Fully tighten Luer plug on tip of port connected to sampling bag #1

REPEAT TASK 1.12 FOR SAMPLING BAG #2 AND #3

OPERATOR A: OPEN 4INCH FLANGE

FRAMES WORK INSTRUCTION
Disinfect gloves
1 + Disinfect gloves

Follow site regulations for appropriate disinfectant

Remove 4inch clamp from 4inch flange

Open screw on 4inch clamp
Open 4inch clamp joint to release 4inch flange

Remove blank cap

Remove blank cap from inside of 4inch flange

Remove plastic gasket

Remove plastic gasket from inside of 4inch flange




Process flow chart Risk profile Training video QRM report

7.2 OPERATOR A: REMOVE NEEDLE PROTECTION FROM NEEDLE 8
r prs Remove needle protectlon
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QRM report

Process flow chart Risk profile Training video

7.2 OPERATOR A: REMOVE NEEDLE PROTECTION FROM NEEDLE 8

Remove needle protectlon

5 OVERSIGHT GUIDELINE
— 7 2 Operator A: Remove needle vee WORK INSTRUCTION - PROCESS TASK (35/37)
. protection from needle 8 — SEamoN mﬁ“’“‘ ! MToATIN
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Coner bt ot et (neodie 2)to right (needle 1) ks P foicl 1. Documentobservation (3
b f I h prot:?:ﬁmawilhlomeps -Appmmh:fdr:gfv;‘n:vﬁexmpsmmhzmmmm side o
Grasp bottom of needle protection wit =Dont st with der needle holder NOERRORS | Grabbing the wrong needie | ’
¢ P forceps P needie rotection 1 . Gragp noed rolocion it o forceps protecton B st B
. Partially pull-down « Use f to pull needle ion halfway down goi Touching tip of forceps Document observation o
Partially pull down needle L svaight down sl |
. . _°m fully remove = Don't fully remove needle protection or needle might jump  NO ERRORS Push back filling needle
protection with forceps ity out Filing needle jumping out (1 reach over fromtopand [
document observation
Grasp middle of needle protection with Grasp middle of needle  + Grasp midde of needie protection with tip of forceps D Demaging t ofming neecie [
dj p forceps P protection with forceps = Don't grasp tip of filling needle NOERRORS  with forceps “'-‘a‘[ Document observation a
Pull off needle Needle protection falli - -
prol:di:nwimforeeps = Use forceps to fully remove needle protection o down ke i El| Piokup rioache profection’| B}
H . - Don’t touch = Pull needle protection st t down e
Pull off needle protection with forceps mcovered needies)  + Don' oueh uncovere (s i neede potecton %% need protecton t00chng [ pocumenttoonaton
with needle protection filling needie 8 e’ duecha
= Withdraw from left to ri i covered
e b forceps from left to right passing under mhwmcﬂm fating — "
Collect needle protection in left hand protection nlefthand PO T8O bncoverse nesdie o |
~Domt 180 m&TWMKMmmmmw over [NARGORE i
. wi
uncovered needie * 2Ll : e Touchngorovreachnd |8 pooumentcosonation 5
= Don't transfer needle protection under needle holder ‘ l
—
~
60—
-
40- ---------------------------------------------------------------------
o s .. ".'.;
) N 0 " . . . o T I T S A T N
. "
20+ - e -~ W mpa— 14, Ny 293 e_99 *on___ d_%o 2od_9e9
? poq oo b 29 0923 o RISKARALISE Risk reduction
0299 03 XY} eso e eos 0o ess ° . 2 Tota hazards w0 Yo
= ‘.f,/‘.f TSP, f o f ;j /,.«,, Minor hazards 33 A 52
e ~’Xf‘:\f:f ;//,«':,, / o /¢ ,,» /«' % 7 PP AT n = v B
%’zfxaffz?fx‘f/f;:w:» 77 ﬁ“?ff’ Z ——
0= T T T T T T T T T T T T T T T T T T T T SIS ST 2 ErrE ' B
i S - & & ® 3 < e ) b1 o 8 ~ 2 © -3 > & ) =T v
-




Process flow chart Risk profile Training video QRM report

7.2 OPERATOR A: REMOVE NEEDLE PROTECTION FROM NEEDLE 8

y s Remove needle protectlon
= 7 2 Operator A: Remove needle g vee WORK INSTRUCTION - PROCESS TASK (35/37)
protection from needle 8 — — Excamon | mw;:’“‘MI — KeTostion
. le protections must remove le — h 5 =
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uncovered nee 5] . uch uncovered n s, e le pri ion
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* Withdraw forceps from left to right passing under covered 5 .
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Collect needle protection in left hand - B * Keep lef hand near glove port _ IR,
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» Don't transfer needle protection under needle holder
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7.2 OPERATOR A: REMOVE NEEDLE PROTECTION FROM NEEDLE 8
; e Remove needle protectlon

— 7 2 Operator A: Remove needle vee WORK INSTRUCTION - PROCESS TASK (35/37)
. protection from needle 8 — —— L : NJ«V:MM| — HmGATION
. le protections must remove Damag le — 5 o
o of needie _ (1eedie 8) o ight (needie 1) 9o0g with m;!};aw 0 51 Document observation 1
K . [ ©otockon o wit forcope 5 fﬁmm?:é'mum in right hand from right side T )
Grasp bottom of needle protection with oot proacton 1 dernoodoholr " rabbing e wongneedl . G13pce proecions
forceps « Don't grasp tip of filing needle
:ﬂﬂﬁﬁﬂ'ﬁ. forceps = Use forceps to fully remove needle protection :;:gh on faling O Pick up needie protecion O
. . 2 -Don't touch = Pull needle protection straight dm NO Elnjnons )
Pull off needle protection with forceps sneovarsdresinia I} Rle L EEt e e B e P Needle protection ouching |5 pocumentobservaton 0

= Withdraw forceps from left to right passing under covered

Collect needle T heedie protecton faling {5 pick up needle protection (1
. . = Don't T&O uncovered needle
Collect needle protection in left hand 3 proteclon nlefthand  ioup it hand near glove por L
+ Pass needle protection with forceps to left hand going over

uncovered needle

Touching or overreaching o

needie holder uncovered needle

= Don't transfer needle protection under needle holder
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